All neurosurgeons fear hemorrhage in their patients after cranial or spinal surgery, but this is balanced by the contrasting fear of DVT and PE. Prophylaxis for DVT and PE is problematic for neurosurgeons. Despite multiple studies of prevention conducted over the last 30 years as well as the development of low-molecular-weight heparins and mechanical prophylaxis (sequential calf compression devices, calf stimulators, and antithromboembolism stockings), DVT is the most frequent systemic complication in patients undergoing neurosurgery, 11 and PE can still be fatal. 6 Although several studies have shown that minidose heparin (5000 U administered subcutaneously twice daily) or low-molecular-weight heparin can be used for DVT prophylaxis without increasing the risk of hemorrhage in patients who undergo neurosurgery, 1,7 some neurosurgeons are wary of using anticoagulant drugs for prevention of venous thromboembolism.
more than 25,000 admissions over a 25-year period at the RNSH, a public teaching hospital, has been described previously. 10 From this group, and from similar comprehensive databases maintained in nearby Dalcross Private Hospital and North Shore Private Hospital, a total of 2779 patients were identified who were discharged between January 1, 1995, and December 31, 2003, after treatment for extradural or intradural spinal or intracranial tumors. There were no exclusions. Significantly, the same surgeons who admitted patients to the public hospital also cared for the patients in the private hospitals, and all surgery was performed by one of five neurosurgeons.
Treatment Protocols
Public Hospital. Patients undergoing surgery at the RNSH received nonsequential calf compression during surgery and until discharge from the intensive care unit. Follow-up Doppler ultrasonography studies were performed once weekly in the intensive care unit and on the general neurosurgery ward within 5 to 10 days postoperatively. All patients wore below-knee surgical antithromboembolism stockings until they were discharged.
Private Hospitals. Patients undergoing surgery at either private hospital received mechanical sequential thighlength compression during surgery and during their intensive care unit stay, and these devices remained in situ until the patients were mobilized. Ninety percent of patients undergoing spinal surgery received the low-molecular-weight heparin dalteparin sodium (2500 U daily) beginning with the first postoperative day and continuing for 14 days or until discharge, whichever came first. Patients were encouraged to move their toes daily until they were discharged. All patients wore below-knee surgical antithromboembolism stockings during their entire hospital stay.
At all institutions Doppler follow-up ultrasonography studies were performed routinely within the 1st week postoperatively. The diagnosis of DVT was made in all hospitals based on clinical findings of leg and/or arm swelling or pain and was confirmed with venous Doppler ultrasonography. The diagnosis of PE was made based on clinical findings of chest pain and/or breathlessness, and was confirmed by evidence of a medium to high probability of embolism on V/Q scanning or spiral computerized tomography pulmonary angiography.
RESULTS
Admissions for tumor to the RNSH and private hospitals were approximately equal in number, with 14% after treatment for extra-or intradural spinal tumors. Patients with tumors at the RNSH were slightly younger (by 1.7 years) than patients with tumors at the private hospitals, a clinically insignificant difference, although it was statistically significant because of the large numbers. Similarly, patients with tumors at the RNSH had a longer stay (by 1.4 days) than those at the private hospitals, which is unlikely to be clinically significant, and the proportion of female patients did not differ in the cranial, spinal, or combined tumor groups (Table 1 ). In 23.6% of RNSH and 9.5% of private hospital admissions for tumors, surgery was not performed. Patients in 1.9% of all tumor admissions from the RNSH and 1.3% of all tumor discharges from the private hospitals experienced post-or perioperative hemorrhage.
Whereas the rate of DVT in discharged patients with tumors in either location and in the subgroup with cranial tumors was similar for those treated at public and private hospitals, the DVT rate was significantly higher for patients with spinal tumors who were treated at the RNSH (Table 2 ). In contrast, no DVT was diagnosed in 229 admissions after surgery for spinal tumors at the private hospitals. The rate of PE was significantly higher in patients with cranial tumors treated in the public hospital, but not for those with spinal tumors, for which the numbers were very small. At 5% of admissions in both hospital groups, meningioma was the tumor associated with the highest incidence of clinical DVT. High-grade glial tumors were associated with twice the rate of DVT and of PE in the RNSH compared with the private institutions.
DISCUSSION
We found a 2.7% rate of DVT in patient admissions for all hospitals combined. In a previous study 9 of patients treated at the RNSH between 1979 and 1994, before the splitting of neurosurgical admissions between public and private hospitals, the rate of DVT in patients with neurosurgically treated tumors rose from 0.7% of admissions between 1979 and 1983 to 1.8% of admissions between 1989 and 1993. This increase may be the result of more frequent screening with Doppler ultrasonography since the mid-1990s. Increasing age in the patient population and the trend toward diagnosis and treatment of older patients with tumors 10 would also influence the rate of DVT, because increasing age has been shown to be highly predictive of this disorder.
For cranial tumors, our findings of DVT incidences of 3.2% (public hospital) and 2.8% (private hospitals) are lower than those of Dickinson, et al., 3 although these au- thors excluded pituitary and skull base tumors. Sawaya, et al., 8 report a low clinically confirmed DVT rate of 1.25% and a PE rate of 0.25% after intraaxial cranial tumor resections. Few reports exist in the literature regarding the incidence of DVT and PE after spinal tumor surgery. Gerlach, et al., 4 report only one case of DVT and none of PE in a series of 1954 patients who underwent spinal operations for neurosurgical indications.
The possible explanations for the higher rate of DVT/ PE in patients treated in the public hospital are severalfold. In the public hospital, surgery is often performed on an emergency/semi-emergency basis. Prophylaxis was less rigorous and consistent in the patients treated in the public hospital. These individuals were often less ambulatory both before and after surgery, and the incidence of paraplegia/ quadriplegia before and after surgery was higher in patients treated in the public hospital. Nevertheless, fewer patients admitted to the public hospital underwent surgery, which is a known risk factor for DVT.
CONCLUSIONS
Low rates of clinically apparent DVT and PE can be achieved without the use of low-molecular-weight heparin in all patients admitted for neurosurgical care. Our comparison of protocols shows that the incidence of DVT was higher in patients treated in the public hospital, where prophylaxis did not include the use of intraoperative sequential calf compression or low-molecular-weight heparin. Patients with intracranial tumors had a higher incidence of PE than those with spinal tumors. For patients undergoing cranial surgery, a lower incidence of PE was achieved in the private hospitals with sequential calf compression and without the use of prophylactic anticoagulant drugs. For those undergoing spinal surgery, a lower incidence of DVT was achieved in the private hospitals with careful postoperative use of low-molecular-weight heparins. 
